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Background of the Invention: 

The present invention relates to an antenna device, in particular to 
the antenna device preferably for use in a wide band communication system, an 
ultra wide band communication system, and the like. 

A wide frequency band becomes capable of being used in frequencies 
higher than a micro wave band. It is therefore possible to realize a wide band 
wireless communication system suitable for a high speed transmission of large 
capacity data, such as image data, and the like. Subsequently, development is 
proceeding in recent years directed to realization of communication technique 
capable of further wide band and high speed communication. As one of such 
means for carrying out high speed transmission of information thus mentioned 
by wireless communication, a communication system using an UWB (Ultra 
Wide Band) wireless technique, that is, UWB wireless system has been recently 
remarkable. 

The UWB wireless system uses a very wide frequency band larger 
than several GHz in width. As a result, it is required that a frequency 
characteristic of an antenna device used in the UWB wireless system ranges a 
so far wide band, for example, such a wide band that ranges frequencies two 
times through ten times higher than the lowest frequency. 

As an antenna device having such a wide band characteristic, for 
example, a discone antenna, a biconical antenna, a Brown antenna, a conical 
whip antenna, or the like can be pointed out. These antenna devices are 
constituted by a combination of antenna elements each composed of a metal 
conductor having a bar-shaped, a pole-shaped, a cylinder-shaped, a 
cone-shaped, or a disc-shaped configuration (generally, by a combination of two 
antenna elements having the same configurations as each other or different 
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configurations from each other). 

In the interim, as a structure of the antenna element in an actual 
product level, the antenna element is sometimes composed of linear members, 
as will later be described more in detail. In such a case, in order to obtain a 
5 desirable antenna shape or constitution, it becomes necessary that the linear 
members are fixed and holded by the use of an additional member of a 
separator, or the like made of insulating materials, such as a fluoride resin, an 
ABS resin, and the like. As a result, the structure of the antenna element 
inevitably becomes complicated. Accordingly, many manufacturing steps are 
10 required for mounting the antenna elements. 

As a technique for solving such problems in structure or mounting of 
the antenna elements, for example, Japanese laid open Official Gazette 
No.313514/2001 discloses an antenna element that a helical plating has been 
provided on inner surfaces of a cylindrical body thereof. 

However, only one antenna element is shown in the technique 
disclosed in the Official Gazette. Therefore, the antenna element, as it stands, 
cannot constitute an antenna device that carries out transmission and 
reception of signals. 

Summary of the Invention: 
It is an object of the present invention to provide an antenna device 
capable of being readily mounted in spite of a plain structure of the antenna 
device. 

It is another object of the present invention to provide a wireless 
communication apparatus using the antenna device of the type described. 
25 According to an aspect of the present invention, there is provided an 

antenna device for use in a wireless communication apparatus, comprising: a 
base member which is composed of a dielectric material and which has a 
peripheral surface and a plain surface; a first antenna element which is formed 
on the peripheral surface of the base member with the first antenna element 
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having a three-dimensional configuration; and a second antenna element which 
is formed on either the peripheral surface or the plain surface of the base 
member with a predetermined distance being kept from the first antenna 
element, the second antenna element having a three-dimensional configuration 
when formed on the peripheral surface, the second antenna element having a 
two-dimensional configuration when formed on the plain surface. 

The three-dimensional configuration may be a circular cone-shaped 
configuration, a pyramid- shaped configuration, a pole-shaped configuration, or 
a tube-shaped configuration. 

The two-dimensional configuration may be a plane-shaped 
configuration. 

The first antenna element may be formed on an inner peripheral 
surface of the base member. 

The second antenna element may be formed on an inner peripheral 
15 surface of the base member. 

The first antenna element and the second antenna element may be 
formed with respective rotation central axes thereof being corresponding with 
each other. 

The antenna device may further comprise a third antenna element 
which is formed on the base member with a predetermined distance being kept 
with respect to the first and the second antenna elements. 

According to another aspect of the present invention, there is also 
provided a wireless communication apparatus in which the antenna device is 
used, wherein a signal from a signal source is supplied to the first antenna 
25 element while a ground voltage is supplied to the second antenna element. 

In the wireless communication apparatus in which the antenna 
device is used, a signal from a signal source may be supplied to the second 
antenna element while a ground voltage may be supplied to the first antenna 
element. 
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In the wireless communication apparatus in which the antenna 
device is used, the third antenna element may be a parasitic antenna. 

Brief Description of the Drawings : 

Fig. 1 is an explanation view for schematically showing an example of 
a structure of a conventional discone antenna; 

Fig. 2 is an explanation view for schematically showing a structure of 
a conventional biconical antenna; 

Fig. 3 is an explanation view for schematically showing a structure of 
a conventional Brown antenna.* 

Fig. 4 is an explanation view for schematically showing another 
example of a structure of a conventional discone antenna; 

Fig. 5 is an explanation view for schematically showing yet another 
example of a structure of a conventional discone antenna; 

Fig. 6 is a perspective view for schematically showing an antenna 
device according to a first embodiment of the present invention with a part of 
the antenna device being torn," 

Fig. 7 is a perspective view for schematically showing an antenna 
device according to a second embodiment of the present invention with a part of 
the antenna device being torn,' 

Fig. 8 is a perspective view for schematically showing an antenna 
device according to a third embodiment of the present invention with a part of 
the antenna device being torn; 

Fig. 9 is a perspective view for schematically showing an antenna 
device according to a fourth embodiment of the present invention with a part of 
the antenna device being torn; 

Fig. 10 is a perspective view for schematically showing an antenna 
device according to a fifth embodiment of the present invention; 

Fig. 11 is a perspective view for schematically showing an antenna 
device according to a sixth embodiment of the present invention with a part of 
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the antenna device being torn," and 

Fig. 12 is a perspective view for schematically showing an antenna 
device according to a seventh embodiment of the present invention with a part 
of the antenna device being torn. 
5 Detailed Description of the Preferred Embodiments^ 

Referring to Figs. 1 through 5, description is, at first, made about 
conventional antenna devices in order to facilitate an understanding of the 
present invention. 

In Fig. 1, illustrated is an example of a structure of a conventional 
10 discone antenna. As iUustrated in Fig. 1, the conventional discone antenna 
comprises a conical conductor element 21, and a disc-shaped conductor element 
22 which is located closely to the conical conductor element 21 with a 
predetermined space being kept between a top of the conical conductor element 
21 and the disc-shaped conductor element 22. The disc-shaped conductor 
15 element 22 is located coaxially with the conical conductor element 21. Namely, 
a rotation axis of the disc-shaped conductor element 22 is corresponding with 
that of the conical conductor element 21. With the structure, by a coaxial 
cable 14, a signal is supplied to the conventional discone antenna from a center 
of the disc-shaped conductor element 22 as a feeding point P while a ground 
20 voltage is supplied to the conventional discone antenna from a top of the conical 
conductor element 21 as a feeding point P. 

In Fig. 2, illustrated is a structure of a conventional biconical antenna. 
As illustrated in Fig. 2, the conventional biconical antenna comprises two 
conical conductor elements 23 and 24. The two conical conductor elements 23 
25 and 24 are located closely to each other with respective rotation central axes 
thereof being corresponding with each other and with respective tops thereof 
facing oppositely to each other. With the structure, signals are supplied to the 
conventional biconical antenna from the respective tops of the two conical 
conductor elements 23 and 24 as respective feeding points P. 



In Fig. 3, illustrated is a structure of a conventional Brown antenna. 
As illustrated in Fig. 3, the conventional Brown antenna comprises a conical 
conductor element 25, and a pole-shaped conductor element 26 which is located 
closely to the conical conductor element 25 with a predetermined space being 
kept between a top of the conical conductor element 25 and coaxially with the 
conical conductor element 25. Namely, a rotation axis of the pole-shaped 
conductor element 26 is corresponding with that of the conical conductor 
element 25. With the structure, a signal is supplied to the conventional Brown 
antenna from an end of the pole-shaped conductor element 26 as a feeding point 
P while a ground voltage is supplied to the conventional Brown antenna from a 
top of the conical conductor element 25 as a feeding point P. 

Herein, an example of a structure of the antenna element in an actual 
product level is illustrated in Figs. 4 and 5. Fig. 4 shows an example of a 
structure of a conventional discone antenna while Fig. 5 shows another 
example of a structure of a conventional discone antenna. In Fig. 4, the 
conventional discone antenna has a conical conductor element 21 and a 
disc-shaped conductor element 22. The disc-shaped conductor element 22 is 
similar to that illustrated in Fig. 1. On the other hand, the conical conductor 
element 21 in Fig. 4 comprises a linear annulus conductor portion 21a and a 
plurality of hnear and radial conductor portions 21b which are located at 
pitches equal to each other and by which a top of the linear and radial 
conductor portions 21b is connected to the linear annulus conductor portion 21a. 
Further, in addition to such the conical conductor element 21 depicted in Fig. 4, 
a disc-shaped conductor element 22 in Fig. 5 comprises a hnear annulus 
conductor portion 22a and a plurality of hnear and radial conductor portions 
22b which are located at pitches equal to each other and by which a center point 
of the linear and radial conductor portions 22b is connected to the hnear 
annulus conductor portion 22a. 

However, problems are caused to occur, as mentioned in the preamble 
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of the instant specification, in a case that the antenna element is composed of 
linear members thus mentioned. Namely, in order to obtain a desirable 
antenna shape or constitution, it becomes necessary that the linear members 
are fixed and holded by the use of an additional member of a separator, or the 
5 like made of insulating materials, such as a fluoride resin, an ABS resin, and 
the like. As a result, the structure of the antenna element inevitably becomes 
complicated. Accordingly, many manufacturing steps are required for 
mounting the antenna elements. 

Now, referring to the drawings, embodiments of the present invention 

10 will be described more concretely. Herein, the same members are designated 
by the same reference numerals in the attached drawings. Further, 
overlapped description will be omitted. Besides, the embodiments of the 
invention are particularly useful embodiments for carrying out the present 
invention. The present invention is therefore not restricted to the 

15 embodiments. 

Fig. 6 shows the antenna device according to the first embodiment of 
the present invention with a part of the antenna device being torn. Fig. 7 
shows an antenna device according to a second embodiment of the present 
invention with a part of the antenna device being torn. Fig. 8 shows an 

20 antenna device according to a third embodiment of the present invention with a 
part of the antenna device being torn. Fig. 9 shows an antenna device 
according to a fourth embodiment of the present invention with a part of the 
antenna device being torn. Fig. 10 shows an antenna device according to a 
fifth embodiment of the present invention. Fig. 11 shows an antenna device 

25 according to a sixth embodiment of the present invention with a part of the 
antenna device being torn. Fig. 12 shows an antenna device according to a 
seventh embodiment of the present invention with a part of the antenna device 
being torn. 

Now, referring to Fig. 6, description will proceed to an antenna device 
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according to a first embodiment of the present invention. As illustrated in Fig. 
6, the antenna device 10 according to this embodiment forms a discone antenna 
and comprises a pole-shaped base member 10a which is composed of dielectric 
material. The pole-shaped base member 10a has a cone-shaped inner space 
formed therein. In an inside surface of the pole-shaped base member 10a, a 
first antenna element 11 is formed by patterning a metal conductor layer. 
Further, on a plain surface facing the outside of the pole-shaped base member 
10a, a second antenna element 12 is formed also by circularly patterning a 
metal conductor layer at the side of a top of the first antenna element 11 with a 
predetermined space being kept between the top of the first antenna element 11 
and the second antenna element 12. The first antenna element 11 and the 
second antenna element 12 are located with respective rotation central axes 
thereof being corresponding with each other. 

Besides, as a dielectric material of which the pole -shaped base 
member 10a is composed, for example, ceramics (cordierite, forsterite, alumina, 
glassed ceramics, titanium oxide ceramics, and the like, or mixture of these 
materials), resin (polytetrafluoroethylene, polyimide, bismareimide, triazine, 
liquid crystal polymer, and the like), or a composite material of the ceramics 
and the resin can be Used. 

In a case that such the antenna device 10 is included in a wireless 
communication apparatus, the antenna device 10 is mounted on a mounting 
surface of a substrate (not shown in Fig. 6) with the first antenna element 11 
facing the mounting surface. Subsequently, by a coaxial cable 14 that is a 
feeding line, a signal is supplied to the antenna device 10 from a signal source 
(not shown in Fig. 6) with a center of the second antenna element 12 being a 
feeding point P while a ground voltage is supplied to the antenna device 10 
from a top of the first antenna element 11 as a feeding point P. As a result, in 
a case of the discone antenna illustrated in Fig. 6, resonance can be obtained at 
a wide frequency band that ranges frequencies four times through eight times 
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higher than the lowest frequency rendering an antenna to be resonated. 

Electrodes of which the first antenna element 11, the second antenna 
element 12, and the feeding point P are composed are formed by patterning a 
metal conductor layer, such as copper, silver, and the like. Concretely, the 
electrodes are formed by a method that a metal paste, for example, of silver, 
and the like is burned onto the pole-shaped base member 10a by pattern 
printing, a method that a metal pattern layer is formed by plating, a method 
that a thin metal film is subjected to patterning by etching, a method that a 
metal member fabricated by plate work, or the like is fitted on the pole-shaped 
base member 10a, and so on. 

In this embodiment, a signal is supplied to the first antenna element 
11 by making the second antenna element 12 be at a ground voltage. 
Alternatively, a signal is supplied to the second antenna element 12 by making 
the first antenna element 11 be at a ground voltage. This will be applied 
similarly to the following embodiments. 

In addition, except for Fig. 6 thus illustrated and Fig. 12 described 
later, the coaxial cable 14 is omitted for the brevity of illustration. Further, it 
is not essential for the antenna device of the present invention to have a feeding 
fine, such as a coaxial cable, and the like. 

Thus, in the antenna device 10 according to this embodiment, the 
first antenna element 11 and the second antenna element 12 are formed 
integrally in the pole shaped base member 10a composed of dielectric material. 
Different from a conventional antenna devicej it becomes unnecessary that an 
antenna device having a desirable shape is assembled by the use of additional 
members each of a separator, or the like together with constitutional members 
each of an antenna element. As a result, the antenna device 10 can be 
obtained with a plain structure. In addition, it becomes possible that the 
antenna device 10 is mounted on a substrate, as it stands. 

Further, the first antenna element 11 is formed on inner surface of 
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the pole-shaped base member 10a. The first antenna element 11 can be 
prevented from being injured when the antenna device 10 is handled or 
mounted on a substrate. 

Referring to Fig. 7, description proceeds to an antenna device 
according to a second embodiment of the present invention. In Fig. 7, 
illustrated is the antenna device according to the second embodiment. The 
antenna device according to this embodiment is mounted on a substrate (not 
shown in Fig. 7) in the direction opposite to that of the first embodiment. 
Namely, the antenna device 10 according to this embodiment is mounted on the 
substrate with the second antenna element 12 facing a mounting surface of the 
substrate. Besides, in this case, a signal is supplied to the first antenna 
element 11 while a ground voltage is supplied to the second antenna element 
12. 

Referring to Figs. 8 and 9, description proceeds to antenna devices 
according to third and fourth embodiments of the present invention. In these 
embodiments, the antenna device of the present invention is applied to an 
antenna other than the discone antenna, respectively. 

As illustrated in Fig. 8, the antenna device 10 according to the third 
embodiment constitutes a biconical antenna. The antenna device 10 
comprises a pole-shaped base member 10a, a first antenna element 11 and a 
second antenna element 12. Two conical inner spaces are formed in the 
pole-shaped base member 10a with respective rotation central axes thereof 
being corresponding with each other and with respective tops thereof facing 
oppositely to each other. Further, the first antenna element 11 is formed in an 
inner surface of one of the two conical inner spaces while the second antenna 
element 12 is formed in an inner surface of another one of the two conical inner 
spaces. Besides, in the antenna device 10 illustrated in Fig. 8, signals are 
supplied by the tops of the first antenna element 11 and the second antenna 
element 12 as a feeding point R 
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Next, as illustrated in Fig. 9, the antenna device 10 according to the 
fourth embodiment constitutes a Brown antenna. The antenna device 10 
comprises a pole*shaped base member 10a, a first antenna element 11 and a 
second antenna element 12. As iDustrated in Fig. 9, a conical inner space is 
formed in the pole-shaped base member 10a. The first antenna element 11 is 
formed in the conical inner space. Further, a thrender pole-shaped hole is 
formed in the pole-shaped base member 10a with a rotation axis of the thrender 
pole-shaped hole is corresponding with that of the first antenna element 11. 
The second antenna element 12 is formed in an inner surface of the thrender 
pole-shaped hole by patterning a metal conductor layer. Besides, in the 
antenna device 10 illustrated in Fig. 9, a signal is supplied by the top of the 
first antenna element 11 and an end of the second antenna element 12 at the 
side of the first antenna element 11, namely, the end of the lower side in Fig. 9, 
as a feeding point P. 

Referring to Figs. 10 and 11, description proceeds to antenna devices 
according to fifth and sixth embodiments of the present invention. 

As illustrated in Fig. 10, the antenna device 10 according to the fifth 
embodiment forms a discone antenna and comprises a frustum circular 
cone-shaped base member 10a which is composed of dielectric material. The 
frustum circular cone-shaped base member 10a has a cone-shaped inner space 
formed therein. In an inside surface of the frustum circular cone-shaped base 
member 10a, a first antenna element 11 is formed by patterning a metal 
conductor layer. Further, on a plain surface facing the outside of the frustum 
circular cone-shaped base member 10a, a second antenna element 12 is formed 
also by circularly patterning a metal conductor layer at the side of a top of the 
first antenna element 11 with a predetermined space being kept between the 
top of the first antenna element 11 and the second antenna element 12. The 
first antenna element 11 and the second antenna element 12 are located with 
respective rotation central axes thereof being corresponding with each other. 
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Besides, the frustum circular cone-shaped base member 10a is 
composed of a dielectric material similar to that of the first through the fourth 
embodiments. 

In a case that such the antenna device 10 is included in a wireless 
communication apparatus, the antenna device 10 is mounted on a mounting 
surface of a substrate (not shown in Fig. 10) with the first antenna element 11 
facing the mounting surface. Subsequently, by a coaxial cable (not shown) 
that is a feeding line, a signal is supplied to the antenna device 10 from a signal 
source (not shown in Fig. 10) with a center of the second antenna element 12 
being a feeding point P while a ground voltage is supplied to the antenna device 

10 from a top of the first antenna element 11 as a feeding point P. As a result, 
in a case of the discone antenna illustrated in Fig. 10, resonance can be 
obtained at a wide frequency band that ranges frequencies four times through 
eight times higher than the lowest frequency rendering an antenna to be 
resonated. 

Electrodes of which the first antenna element 11, the second antenna 
element 12, and the feeding point P are composed are formed by patterning a 
metal conductor layer, similarly to the first through the fourth embodiments. 

In this embodiment, a signal is supplied to the first antenna element 

11 by making the second antenna element 12 be at a ground voltage. 

Thus, in the antenna device 10 according to this embodiment, the 
first antenna element 11 and the second antenna element 12 are formed 
integrally in the frustum circular cone-shaped base member 10a composed of 
dielectric material. Different from a conventional antenna device, it becomes 
unnecessary that an antenna device having a desirable shape is assembled by 
the use of additional members each of a separator, or the like together with 
constitutional members each of an antenna element. As a result, the antenna 
device 10 can be obtained with a plain structure. In addition, it becomes 
possible that the antenna device 10 is mounted on a substrate, as it stands. 
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Further, the first antenna element 11 is formed on inner surface of 
the frustum circular cone-shaped base member 10a. The first antenna 
element 11 can be prevented from being injured when the antenna device 10 is 
handled or mounted on a substrate. 

Referring to Fig. 11, description proceeds to an antenna device 
according to sixth embodiment of the present invention. 

As mentioned before, at least one of the first and the second antenna 
elements 11 and 12 is formed in the inner surface of the base member 10a in 
the first through the fifth embodiments of the present invention. However, the 
first antenna element 11 is formed in an outer surface of the base member 10a 
in this embodiment. Namely, as illustrated in Fig. 11, the antenna device 10 
according to this embodiment forms a discone antenna and comprises a 
frustum circular cone-shaped base member 10a which is composed of dielectric 
material. The frustum circular cone-shaped base member 10a is mainly 
consisting of two parts, one is a circular cone-shaped base member lOal and 
another is a circular plate-shaped base member 10a2. The circular 
cone-shaped base member lOal does not have a cone-shaped inner space 
formed therein, different from those of the first through the fifth embodiments. 
In other words, the whole of the circular cone-shaped base member lOal is 
filled with the dielectric material, as depicted by hatching fines in Fig. 11. 
Accordingly, the first antenna element 11 is formed on an outer surface of the 
circular cone-shaped base member lOal. On the other hand, the circular 
plate-shaped base member 10a2 is filled with the dielectric material, similarly 
to the upper end portions of the pole-shaped base member 10a in the first 
embodiment. Accordingly, the second antenna element 12 is formed on a plain 
surface of the circular plate shaped base member 10a2, similarly to that of the 
first embodiment. Besides, in the sixth embodiment, only the first antenna 
element 11 is formed on the outer surface of the circular cone-shaped base 
member lOal. However, two antenna elements can be formed on outer 
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surfaces of the base member 10a. Namely, for example, the antenna device 10 
may form a biconical antenna and comprises two circular cone-shaped base 
members 10a 1 each of which is filled with the dielectric material and has an 
outer surface. The two circular cone-shaped base members lOal are located 
with respective tops thereof facing oppositely to each other. With the 
structure, a first antenna element may be formed on an outer surface of one of 
the two circular cone-shaped base members lOal while a second antenna 
element may be formed on an outer surface of another one of the two circular 
cone-shaped base members lOal. 

Referring to Fig. 12, description proceeds to an antenna device 
according to a seventh embodiment of the present invention. 

As mentioned before, the first and the second antenna elements 11 
and 12 are formed in the base member 10a in the first through the sixth 
embodiments of the present invention. However, a third antenna element, 
that is a parasitic antenna element, may be formed in the base member 10a in 
addition to the first and the second antenna elements 11 and 12. Namely, as 
iUustrated in Fig. 12, the antenna device 10 according to this embodiment 
forms a dipole antenna and comprises a circular tube-shaped base member 10a 
which is composed of dielectric material and which has a predetermined 
thickness between inner and outer surfaces thereof. The circular tube-shaped 
base member 10a has two inner spaces formed from both ends of the circular 
tube-shaped base member 10a. A cylindrical first antenna element 11 and a 
cylindrical second antenna element 12 are formed on the two inner spaces, 
respectively. Under the condition that the antenna device 10 is mounted in a 
wireless communication apparatus, by a coaxial cable 14, a signal and a ground 
voltage are supplied to the antenna device 10, respectively, with end surfaces of 
the cylindrical first antenna element 11 and the cylindrical second antenna 
element 12 being used as a feeding point P. Further, the third parasitic 
antenna element 13 to which neither signals nor ground voltage are feeded is 
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formed on the outer surface of the circular tube-shaped base member 10a with 
a distance corresponding to the predetermined thickness of the circular 
tube-shaped base member 10a being kept with respect to the first and the 
second antenna elements 11 and 12, as illustrated in Fig. 12. In addition, the 
third parasitic antenna element 13 is formed partially on the outer surface of 
the circular tube-shaped base member 10a to have a predetermined area on the 
outer surface, as depicted by the area having plenty of specks in Fig. 12. 

Thus, the third parasitic antenna element 13 is formed, as mentioned 
above, in the antenna device 10 according to this embodiment. With the 
structure, the antenna device 10 can be tuned to have desirable antenna 
characteristics by adjusting the third parasitic antenna element 13, for 
example, by adjusting a size of the predetermined area of the third parasitic 
antenna element 13 on the outer surface of the circular tube-shaped base 
member 10a. 

In Fig. 12, the third parasitic antenna element 13 is formed on the 
outer surface of the circular tube-shaped base member 10a. Alternatively, the 
third parasitic antenna element 13 can be formed on an inner or a plain surface 
of the circular tube-shaped base member 10a. Further, a configuration of the 
third parasitic antenna element 13 can be freely determined so that the 
antenna device 10 may have the above-mentioned desirable antenna 
characteristics. 

As described above, in the antenna device 10 according to the present 
invention, the first antenna element 11 and the second antenna element 12 are 
formed integrally in the base member 10a composed of dielectric material. 
Different from a conventional antenna device, it becomes unnecessary that an 
antenna device having a desirable shape is assembled by the use of additional 
members each of a separator, or the like together with constitutional members 
each of an antenna element. As a result, the antenna device 10 can be 
obtained with a plain structure. In addition, it becomes possible that the 
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antenna device 10 is mounted on a substrate, as it stands. 

While this invention has thus far been described in specific 
conjunction with several embodiments thereof, it will now be readily possible 
for one skilled in the art to put this invention into effect in various other 
manners. 

For example, as configurations of the base member 10a, a pole-shaped 
base member 10a is used in the first through fourth embodiments, respectively 
while a frustum of circular cone-shaped base member 10a is used in the fifth 
embodiment. However, the base member 10a is not restricted to those 
configurations. The base member 10a may have a cylinder-shaped 
configuration, a pyramid-shaped configuration, a frustum of pyramid-shaped 
configuration, or the like. 

Further, the first antenna element 11 has circular cone-shaped 
configurations, respectively in the first through fifth embodiments. However, 
the first antenna element 11 may have various three-dimensional 
configurations, such as a pyramid-shaped configuration, a pole-shaped (a 
circular pole-shaped, a triangular prism pole-shaped, a rectangular prism 
pole-shaped, and the like) configuration, a tube-shaped (a circular tube-shaped, 
a triangular prism tube-shaped, a rectangular prism tube-shaped, and the like) 
configuration, a helicoid-shaped configuration, or the like. 

Furthermore, as far as the first antenna element 11 is formed to have 
those three-dimensional configurations, it is not necessary that the first 
antenna element 11 is formed on a whole of the peripheral surface of the base 
member 10a in the peripheral direction. 

Moreover, the second antenna element 12 has circular configurations, 
respectively in the first through third, and the fifth embodiments while the 
second antenna element 12 has the circular pole-shaped configuration in the 
fourth embodiment. However, the second antenna element 12 is not restricted 
to those configurations. Namely, as far as the second antenna element 12 is 
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formed to have those plane-shaped configurations, the second antenna element 
12 may have various two-dimensional configurations, such as square, 
rectangular, circular, elliptical configurations, and any configurations other 
than these. 

Besides, configurations of the first and the second antenna elements 
11 and 12 thus mentioned can be formed by patterning a metal conductor layer 
on a whole area in fine with respective configurations in the first through fifth 
embodiments. However, the configurations of the first and the second antenna 
elements 11 and 12 may be formed in another manner. For example, many 
linear metal conductor layers may be formed radially from a certain point so as 
to constitute, as a whole, a circular configuration, a circular cone-shaped 
configuration, or the like. Further, metal conductor layers may be formed with 
a mesh structure so as to constitute, as a whole, a desirable configuration. 

In the interim, when "circular cone" and "pyramid" are used in the 
specification and claims of this application, the words "circular cone" and 
"pyramid" include such configurations of "frustum of circular cone" and 
"frustum of pyramid", respectively, with respective tops being torn. 

Besides, the antenna device of the present invention can be used in 
various wireless communication apparatus, such as, a portable telephone, a 
mobile terminal, an included antenna of an wireless LAN card, and the like. 



